Background: Increased left atrial (LA) size is a prognostic marker of mortality in the general population. LA size varies considerably in patients with dilated cardiomyopathy (DCM), but its clinical significance has not been widely studied. Objective: To evaluate the long-term prognostic value of LA volume (LAV) in patients with DCM.
Introduction
Dilated cardiomyopathy (DCM) is characterized by left ventricular (LV) dilatation and systolic dysfunction without a chronic increase in afterload (as in aortic stenosis or hypertension) or volume overload (as in mitral regurgitation). Historically, the prognosis of DCM patients was dismal, with mean survival of two years after diagnosis. 1 Despite advances in medical, interventional and surgical treatment over the last twenty years, the disease still has an extremely poor long-term prognosis.
In patients with suspected heart failure and LV dysfunction, echocardiography is the most important diagnostic exam for establishing the diagnosis and for assessing the presence and severity of LV dilatation and dysfunction. Diagnostic criteria include reduced ejection fraction (EF) (<40%) and increased LV end-diastolic diameter (LVEDD) (>35 mm/m 2 ). Besides diagnosis, echocardiography is also important for determination of etiology when possible and for risk stratification (Table 1) .
Increased left atrial volume (LAV) is associated with poor prognosis in many forms of cardiovascular disease, including hypertension, hypertrophic cardiomyopathy and heart failure, as well as with non-cardiac diseases, such as end-stage renal failure requiring hemodialysis. 3 In one study, LAV was an independent predictor of cardiovascular death, heart failure, atrial fibrillation and stroke in an unselected population of 483 individuals in sinus rhythm, in a mean follow-up of seven years. 4 However, its prognostic value in patients with DCM has not been widely studied.
In the absence of mitral valve disease or atrial fibrillation, left atrial (LA) dilatation is due to increased LV diastolic pressures, reflecting hemodynamic status. 5 Patients with impaired systolic function present higher diastolic pressures, leading to LA overload and progressive dilatation. Thus, the degree of LA dilatation reflects the duration and severity of LV dysfunction. 6
Quantification of left atrial size
The left atrium acts as a contractile pump that delivers 15---30% of LV diastolic filling. 7 It should be measured at end-systole, at its maximum size. Planimetric images should be obtained showing clear contours in apical 4-and 2-chamber views. The confluence of the pulmonary veins and the left atrial appendage should be excluded. Transesophageal echocardiography often fails to provide a view of the LA that gives a reliable assessment of its size. 8 LA size can be assessed in various ways, but M-mode or two-dimensional derived anteroposterior linear dimension obtained in parasternal long-axis view is the standard for linear measurement. Although these linear measurements correlate with angiographic measurements and are widely used in clinical practice and research, they do not accurately represent true LA size. 9 As the LA is not spherical and dilates asymmetrically, increasing emphasis is now placed on LAV rather than LA diameter, since the latter does not reflect longitudinal dilatation. In addition, the association between LA size and cardiovascular disease is stronger for LAV than for its linear dimension. 5 The simplest method for estimating LAV is the cube formula, which assumes the LA is in fact spherical, but this has proved inferior to other techniques using an ellipsoid model or Simpson's rule ( Figure 1 ). Since 2005 the American Society of Echocardiography (ASE) has recommended use of the latter two methods in clinical practice. 8
Objective
The aim of this study was to evaluate the long-term prognostic value of LAV in patients with DCM.
Methods
This was a cohort study of patients admitted for heart failure in 2004 with a diagnosis of DCM (ischemic or non-ischemic), in sinus rhythm and in New York Heart Association (NYHA) functional class <IV at the time of enrollment. Exclusion criteria were significant aortic or mitral valve disease and myocardial infarction in the previous three months.
All patients underwent complete echocardiographic study at rest and after pharmacological stress, cardiopulmonary exercise test (CPET) and NT-proBNP measurement.
Echocardiographic assessment was performed using a Vivid 7 Dimension scanner (GE Healthcare, Horten, Norway).
The following echocardiographic parameters were assessed: LA diameter in M-mode, LV end-diastolic (LVEDD) and end-systolic (LVESD) diameters, LV end-diastolic (LVEDV) and end-systolic (LVESV) volumes, EF calculated by Simpson's method, LV inflow tract E and A velocities and E/A ratio, and mean E' velocity by tissue Doppler. LAV was calculated using Simpson's rule in accordance with the ASE guidelines. 8 Stress echocardiography was performed with dobutamine (10---40 g/kg/min) following the protocol used in our institution and in accordance with the European Society of Cardiology guidelines. Final stress EF was determined and patients with a ≥20% increase in EF were considered to have contractile reserve. 10 All echocardiographic exams were performed and LAV was calculated by the same operator (AG).
CPET was performed on a treadmill using the modified Bruce protocol on a SensorMedics Vmax 229 system (Yorba Linda, Calif.). Oxygen uptake (VO 2 ), carbon dioxide output (VCO 2 ) and minute ventilation (VE) were measured cycle by cycle. Peak oxygen uptake (pVO 2 ), percentage of predicted pVO 2 (%pVO 2 ) and VE/VCO 2 slope (VE/VCO 2 ) were analyzed. pVO 2 was defined as mean VO 2 in the last 30 seconds of the test; VE/VCO 2 was calculated by the system.
NT-proBNP was measured using Roche Elecsys electrochemiluminescence immunoassay (pg/ml).
Information on patient follow-up was obtained from medical records or by telephone contact in cases of missing data. The composite endpoint was need for mechanical ventricular assistance (MVA), heart transplantation or death (adverse events).
Statistical analysis
Continuous variables are expressed as means ± standard deviation or medians and 25th (P 25 ) and 75th (P 75 ) 
Results
The study population consisted of 35 patients (26 male, mean age at admission 52±11 years) with DCM, 17% of ischemic and 83% of non-ischemic etiology; 34% presented complete left bundle branch block, and 6% were in NYHA functional class I, 43% in class II and 51% in class III at the time of enrollment in the study. During follow-up, 48% of patients were implanted with a cardiac resynchronization therapy device or implantable cardioverter-defibrillator. All patients were under optimized medical therapy with betablockers and angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers. The parameters assessed at admission are presented in Tables 2 and 3 .
Ten adverse events were recorded in a median follow-up of 60 months (minimum 4 months; maximum 60 months): eight patients died, one was placed on MVA and one underwent transplantation. Complete 60-month follow-up was achieved in 20 patients, with a median of 43.6 months (minimum 10.2; maximum 48.7) in the other five. The characteristics of the study population at admission divided into those with and without events are shown in Table 4 .
The potential echocardiographic markers of prognosis identified by univariate Cox analysis (Table 5) were LAV, E/A, LA size and E/E'.
In Cox multivariate analysis, the only echocardiographic variable that remained in the model was LAV. The data in Table 5 show that each 1-ml increment in LAV increases risk for an adverse event by 2%, each 5-ml increment in LAV increasing risk for adverse events by 9.2% (HR: 1.092; CI: 1.00---1.19, p=0.046).
For a clearer picture of the clinical implications, a cutoff of 63 ml for LAV was determined ( Figure 2 ). Patients with LAV >63 ml had a higher risk for adverse events (p=0.023) ( Figure 3 ). The risk for adverse events was quantified as HR 7.7 (CI 0.97---60.61, p=0.05), meaning that the risk for an adverse event was 7.7 times higher in those with LAV >63 ml.
There was also a correlation between LAV and pVO 2 , with Spearman's correlation coefficient of −0.55, p=0.001 ( Figure 4 ). We also sought to correlate LAV with other known prognostic markers in DCM such as %pVO 2 and NT-proBNP, but the relationship between these variables is not linear, and so it was not possible to determine a correlation coefficient ( Figure 5A and B, respectively). 
Discussion
This cohort study of patients with DCM with a mean followup of five years showed that LAV is an echocardiographic prognostic marker of MVA, heart transplantation or death. Figure 4 Correlation between left atrial volume and peak oxygen uptake. 0.68 0.57---0.82 <0.001 **** NT-proBNP/100 1.01 1.00---1.02 0.038 **** BSA: body surface area; CR: contractile reserve; MR: mitral regurgitation; PASP: pulmonary artery systolic pressure. Other abbreviations as in text. * Selected for multivariate analysis; ** not selected for multivariate analysis to avoid multicollinearity with the transformed LAV variable; *** not selected for multivariate analysis due to low number of events in those with E/A <2; **** not selected for multivariate analysis since it is not an echocardiographic parameter. Most physicians and researchers have focused on EF, LV size and contractile reserve to estimate severity and prognosis in DCM. This prospective study with a relatively long follow-up confirmed that LAV is an independent prognostic marker in DCM that is more powerful than other more commonly used echocardiographic parameters.
The prognostic impact of LAV in patients with LV dysfunction was first described in a post hoc analysis of the SOLVD trials, 11 in which the risk for events was proportional to LAV, independently of EF, age and symptomatic status.
Rossi et al. have published two studies 12, 13 assessing the prognostic value of LAV in patients with LV dysfunction: the first, in 2002, of 337 patients with DCM, with a mean followup of 41 months, and the second, in 2007, of 273 patients with heart failure and LV dysfunction (EF <50%), with a mean follow-up of 45 months. We found no other studies in the literature designed with the same objective. Since our population was more similar to that of the 2002 Rossi study, 12 which had a composite endpoint of heart transplantation or death, it is more suitable for comparison with our results. The population analyzed by Rossi et al. differed from ours in that it included patients with atrial fibrillation and that the proportion of patients with DCM of ischemic etiology was significantly higher (75%). Mean EF was similar in the two studies, but Rossi et al. did not present data on contractile reserve or other parameters to characterize disease severity (such as pVO 2 or NT-proBNP). The incidence of adverse events was similar in the two studies (28% vs. 25%). Rossi et al. recorded 84 adverse events during follow-up, and found various potential clinical and echocardiographic markers of prognosis. LAV and LAV adjusted to body surface area were more powerful predictors of survival than EF, LVESD, E/A ratio, restrictive mitral filling pattern or severity of mitral regurgitation.
Preliminary results on our patient cohort were published in 2009, 14 in which the composite endpoint was hospitalization for heart failure, death or heart transplantation. The present article is a continuation of that study, with a further three years of follow-up, and a composite endpoint of death, heart transplantation and MVA. Since the follow-up was significantly longer, the statistical methodology used was also different, to take account of the timing of events.
The main value of our study lies in the long follow-up (complete in 30 patients) and thorough functional evaluation of patients, including CPET, NT-proBNP and contractile reserve. The latter is often used as a prognostic marker in DCM 15 but it is time-consuming and requires specialist training. The study's main limitation is its small sample size, a consequence of the time need for such a comprehensive functional evaluation in a relatively uncommon disease. Since this was a study of effectiveness, all assessments were performed in the context of our department's everyday clinical practice; however, to minimize the inevitable interobserver variability of echocardiographic assessment, all exams were performed by the same operator.
The parameters most widely used in clinical practice to assess prognosis in DCM, such as EF, contractile reserve and LV volumes, did not show the expected prognostic significance, even in univariate analysis. The predictive ability of LAV was independent and stronger than that of other echocardiographic parameters used to assess diastolic function (E/A and E/E'), but weaker than pVO 2 and NT-proBNP. The LAV cut-off of 63 ml as a marker of prognosis was lower than that obtained in the study by Rossi et al. This may be explained by the characteristics of the two populations, since their study included patients with permanent atrial fibrillation, which was an exclusion criterion in our study in order to avoid confounding factors. The method of assessing LAV was also different, Rossi et al. having used the biplane area-length method, which is the least rigorous of the three usual methods and the one that generally gives higher LAV values. 16 In patients with heart failure due to DCM, diastolic dysfunction is an important marker of disease severity. Various studies have demonstrated that degree of diastolic dysfunction shows a stronger correlation with symptoms and prognosis than EF. 17 The importance of LA size as an indicator of diastolic function is well known, and LAV is the most useful echocardiographic parameter in this respect. However, the time required for its assessment means it is little used in clinical practice. The latest ASE guidelines recommend LAV assessment by the biplane method of disks (modified Simpson's rule), 8 which has good reproducibility compared to magnetic resonance imaging and three-dimensional echocardiography, 18 and so this was the method chosen in our study.
LA size has been shown to correlate with prognosis in patients with other forms of cardiovascular disease in which diastolic dysfunction is a major component, including aortic stenosis, restrictive cardiomyopathy and hypertrophic cardiomyopathy. 19---21 
Conclusion
LAV was shown to be an echocardiographic determinant of MVA, heart transplantation or death in our population with DCM. Other echocardiographic parameters commonly used for risk stratification did not show prognostic significance.
The results of this study suggest that LAV assessment, which can be performed using echocardiography, a non-invasive, readily available and inexpensive imaging modality, contributes to risk stratification and should be a routine part of echocardiographic study in patients with DCM.
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